Various innovations for preventing complications and improving a patient's quality of life have been implemented for peritoneal dialysis (PD), which was established in Japan approximately 35 years ago and introduced at our hospital in 1999. Herein, we investigate the outcomes of patients undergoing PD to identify approaches for improving their long-term prognosis.
Introduction
An insurance plan to cover peritoneal dialysis (PD) for patients with chronic renal failure (CRF) that was introduced in 1984 has enabled long-term survival of many patients with end-stage renal failure. While the number of patients with CRF on dialysis has been increasing, with 324,986 people predicted to require dialysis by the end of 2015, no significant change has been observed in the number of patients undergoing PD (9,322) over the past several years; furthermore, the number of patients receiving hemodialysis (HD) combination therapy has been steadily increasing 1, 2 . In patients undergoing PD, a plethora of complications, such as encapsulating peritoneal sclerosis (EPS), are accompanied by decreased bowel movement, bowel obstruction, peritoneal dysfunction, and ultrafiltration failure. EPS is thought to be caused by peritoneal adhesion and hyperplasia due to long-term dialysate use and is a major problem in long-term PD treatment 3 . Nonetheless, important advances including improvements in connecting devices and the automated PD (APD) device, a new dialysate that includes bicarbonate as a buffer, and various other innovations have aided in the prevention of complications and improvements in quality of life (QOL) 4, 5 . In this study, we evaluate the current state and outcomes of PD that have been administered over the past 20 years at the Nippon Medical School Musashi Kosugi Hospital. We summarize treatment results and discuss potential approaches to improve the long-term prognosis of patients on PD.
Patients and Methods
We conducted a retrospective analysis of 114 patients who were initiated on PD between September 1999 and The log-rank test revealed a significant difference between the continuance and survival rates (p=0.0061; Fig.   1 ). However, these rates were not significantly different when compared in diabetic and non-diabetic patients 
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Further comparison of the continuance and survival rates among the young and the elderly patients demonstrated that they were significantly different in patients aged ! 65 years (log-rank test, p=0.0489) but not in those aged >65 years (log-rank test, p=0.1250) (Fig. 3) .
At the study hospital, 38 patients, 69.1% of the PD withdrawal patients, continued PD until death, termed last PD , a desirable outcome for the elderly. Among the outcomes, ten patients were transferred to long-term care hospitals that could perform PD, and six elderly patients received PD by on-site medical treatment at home. Of the 114 study patients, 58 discontinued PD due to several reasons including death (n=38; 69.1%), technical issues during the procedure (n=9; 16.4%), long-term nature of the PD treatment (n=6; 10.9%), and kidney transplantation (n=2; 3.6%). We examined factors that were associated with PD withdrawal using the Cox proportional hazards model, with age, planned induction, DM, peritonitis, Alb, T-Cho, LDL-C, TG, eGFR, Ca, P, iPTH, Hb, and CRP as variables, and identified six candidate factors:
age, T-Cho, LDL-C, Hb, CRP, and iPTH ( Table 2) . Subsequently, age and T-Cho were independent risk factors for PD withdrawal ( Table 2) .
Simple linear regression analysis revealed six significant factors (age, presence of peritonitis, Alb, LDL-C, Ca, and CRP) that were associated with PD duration, whereas multiple regression analysis revealed peritonitis (p=0.0063) and LDL (p=0.0087) as significant factors that were associated with PD duration. Further, peritonitis was identified as the most important factor associated with PD duration (Table 3) .
At the study institution, 11 patients with APD and 3 patients with CAPD developed PD-related infections.
Hernia occurred in five patients with each treatment style. The incidence rates of PD-related infections and hernia between the APD and CAPD groups were also compared using Fisher's exact test, which revealed that there was no significant difference in PD-related infections between the two groups (p=0.4364), whereas the incidence of hernia was significantly lower in the APD group (p=0.0065).
Peritonitis incidence at the study institution was 7.7 cases per 100 patients, which was lower than the admissible incidence rate specified in the International Peritoneal Dialysis guidelines. Multivariate analysis using the stepwise method revealed PD duration and LDL as independent risk factors for peritonitis and PD duration as the most important risk factor for peritonitis (p=0.0009; A comparison of serum creatinine levels and eGFR between the first ten years (before 2010) and the last eight years (2010 onward) of the study revealed that serum DM, diabetes mellitus; Alb, albumin; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; eGFR, estimated glomerular filtration rate; iPTH, intact parathyroid hormone; Hb, hemoglobin; CRP, C-reactive protein; CI, confidence interval creatinine levels at PD initiation were lower in the latter group, but no significant difference in eGFR was found between the two groups. This finding does not contradict our finding of an increase in the number of elderly patients newly undergoing PD. In addition, the continuance and survival rates were significantly different among patients aged ! 65 years. However, many patients over the age of 65 years completed last PD , as evidenced by the lack of a significant difference between the continuance and survival rates in this group 6 . There is a tendency for PD induction rate to decrease among elderly patients with the increasing number of elderly CRF patients and PD patients worldwide 7 9 . Compared with HD, PD has a minimal effect on hemodynamics and is more likely to facilitate home-based medical care in elderly CRF patients, which can lead to a desired reduction in the number of hospital visits 10 . However, mastering the procedure is difficult, and family support and at-home medical staff are often necessary 11 . Overall mortality is not significantly different between PD and HD, and the dialysis method is not identified as an independent factor that influences survival rate 12 . Furthermore, studies indicated no differences between the continuance rate and peritonitis incidence between elderly and young patients 13 .
Changes in RRF were not sustained in elderly patients compared with those in young patients. Reports indicated that urine volume, which decreased below the ultrafiltration volume two years after PD initiation in patients younger than 70 years but not in patients aged >70
years, exceeded the ultrafiltration volume until five years after PD initiation 14 . Our results differ from those re- ; another report suggested that peritonitis incidence should be decreased to prevent early PD withdrawal in patients 21 .
We also identified PD duration and LDL-C levels as independent risk factors for peritonitis onset. As reported by the JSDT, as patients grow older, the incidence of peritonitis tends to increase, albeit with a lack of a correlation with PD duration 1,2 . Another study by Nisina et al. For an aging society, nephrologists, nurses, and care managers should cooperate to provide appropriate renal failure care, including home medical care, for patients 5 . In Japan, where home HD is not common, PD therapy performed with cooperation from family or by home medical care are recognized as assisted PD, which might become an important medical option in an aging society in the future.
Limitations
This study has several limitations. First, this was a retrospective study conducted at a single center; therefore, the number of patients was too small to allow for robust sta-tistical analyses. Second, data collection methods varied over the course of this long-term study encompassing 18
years. Finally, as certain doctors administered treatment, a medical bias cannot be ruled out.
Conclusion
This retrospective study of the long-term prognosis of 114 PD patients at the Nippon Medical School Musashi
Kosugi Hospital revealed that, in conjunction with efforts to prevent peritonitis and EPS, long-term PD treatment was safe and conferred a high QOL. In addition, evaluation of the nutritional status of patients and a clear understanding of the aseptic techniques required for administering PD were important. Furthermore, in a rapidly aging society, with the inevitable increase in the proportion of patients requiring home medical care, the need for PD medical care is expected to increase. Thus, providing appropriate medical care, particularly in elderly patients desiring last PD, will become of paramount importance to meet the needs of patients, their families, and caregivers.
